• , respectively.
Samples were cleaved in situ under ultrahigh vacuum lower than 5 × 10 −11 Torr, and measured at ∼10 K. The position of the Fermi level (E F ) was calibrated from the spectra of a piece of gold which was electrically connected to the samples.
For the data of deeply underdoped samples (T c = 30, 40, 50 K) used in this study, we used 19 eV photons with a linear polarization, whose in-sample-surface-plane component of the electric filed was set to 45 degree to the Cu-O direction. The ARPES spectra shown in the manuscript was measured in the second Brillouin zone (BZ), which yields an optimal photoemission cross section for the nodal spectra of these deeply underdoped crystals. In Fig. S2A , Fermi surface mapping of T c = 30 K sample including both the first BZ and the second BZ, is plotted. Here, we set the color scale to be more sensitive to the minor structures with weaker intensity, such as the diffraction replica of the main band due to the superstructure (3) and the shadow band (4), can be clearly seen. ARPES measurements were performed in the equivalent Γ-Y quadrants in the momentum space, where the spectrum of the main band can be effectively separated form the diffraction replica.
In addition, the bilayer splitting (5) in such deeply underdoped crystals can not be resolved in our data because the spectra of deeply underdoped system are generally much boarder than those of overdoped systems. Given by the fact that the bilayer splitting in Bi2212 system is smallest in the nodal region (i.e. Fermi arc region), the issue that the bilayer splitting can not be resolved in our data would not change our observations and conclusions.
Maximum superconducting gap ∆ 0 for samples with higher doping levels (T c = 65, 85, 96 K). 
